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ABSTRACT OF THE DISCLosURE. . 
The present invention provides a novel non-toxic 

organotin stabilizer composition containing about 95 per 
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cent of di(n-octyl)Sn SS- bis(isooctylmercaptoacetate). : 
The stabilizer composition also contains specified amounts 
of other organic tin compounds. The invention also pro 
vides non-toxic polyvinyl chloride containing resins suit 
able for food packaging use. 

BACKGROUND OF THE INVENTION 
This application is a divisional application of Ser. No. 

694,829, filed on Jan. 2, 1968, and now abandoned. 
The necessity for stabilizing polyvinyl chloride com 

positions to prevent resin degradation caused by heat and 
weathering has long been recognized. The stabilization 
problem has been particularly troublesome when manu 
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facturing rigids and semi-rigids which are processed at . . 
relatively high temperatures. The problems are accentu 
ated when extrusion processes are used. Polyvinyl chlo 
ride resins have been stabilized using various organotin 
compounds as the effective stabilizer. . 

Polyvinyl chloride containing resins have not been 
used for food packaging in the United States, although 
they have many characteristics indicating their desirability 
for such use. These characteristics include low price, easy 
processing characteristics, strength, suitability for prepara 40 
tion of attractive colored products which may be partially ... 
transparent, and the ability to prepare clear products 
which couple transparency with clarity. In spite of the 
suitability of polyvinyl chloride resins for food packaging 
use and the known non-toxicity of the polymer compo 45 
nents of the resin, they have not been used in food pack- : 
aging because of the reported toxicity of the requisite 
polyvinyl chloride stabilizers, and particularly the organo 
tin stabilizers. . . . . . . . . . . . . . . . . . . . . . . . . 
The ability to produce a stabilized non-toxic polyvinyl 

chloride containing resin using a specified compound as a . 
stabilizer is dependent not only on the low toxicity or non 
toxicity of the stabilizer, but also upon the mobility of the 
stabilizer in the stabilized resin, particularly under the 
leeching conditions that existin many food packages. High 
liquid, content food compositions and liquids used in food 
preparation or packaged as such, e.g., oils, may leech the 
stabilizer from the packaging. Stabilizers for food packag 
ing must have little or no extractability under the service 
conditions - contemplated and must be non-toxic in the 
amounts that may be extracted. . . . . . . . . . . . 
A need exists for stabilizers which will provide stabilized 

non-toxic. polyvinyl chloride food - packaging materials. 

SUMMARY OF THE INVENTION . 
The present invention provides a novel stabilizer com: 

position useful for producing novel non-toxic stabilized 
polyvinyl chloride containing resin compositions and ar 
ticles produced therefrom. The stabilized composition con 
tains between 94.8% and 98.2% by weight, of di(n-octyl) 
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tin 'SS'-bis(isooctylmercaptoacetate); between about 

1.8% and 5% of a total of mono-n-octyltin S.S.S'-tris 
(isooctylmercaptoacetate) and tri(n-octyl)tin S-isooctyl 
mercaptoacetate, preferably with the mono compound 
composing all or the majority of said total of the mono 
and tri compounds. The stabilizer composition is admixed 
with the resin in amounts between -0.5% and 3%, and 
preferably at least 1%, with optimum results obtained be 
tween 2% and 3% by weight based on the amount of 
polymer in the resin composition. . . . . . . . . . . . - 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION ... 

The organotin stabilizer composition contains between 
94.8% and 98.2% by weight and preferably between 96% 
and 97.4% of di(n-octyl)tin SS'-bis(isooctylmercapto 
acetate); between about 1.8% and 5%, and preferably be: 
tween about 2.3% and 4%, of a total of mono-n-octyltin 
S.S.S'-tris (isooctylmercaptoacetate) and tri(n-octyl)tin 
S-isooctylmercaptoacetate, preferably with the monocom 
pound composing all or the majority of said total of the 
mono and tricompounds; up to 0.15% of di(2-ethylhexyl) 
tin S.S'-bis(isooctylmercaptoacetate); up to a total of 
0.1% of all other organotin compounds; and not more 
than ten parts per million of a total of arsenic, antimony 
and lead. The stabilizer composition contains between 
15.1% and 16.4% by weight, preferably about 15.9% of 
tin; between 8.1% and 8.9% of sulphur. The composition, 
a liquid, weighs about 8.9 pounds per gallon. It has a 
specific gravity of about 1.07. It has a maximum chlorine 
content of 0.5%. It has a pour point of less than 20 C. 
It is a slightly yellow liquid having a Gardner number 
of about 3. 
The aforedescribed organotin stabilizer composition is 

prepared by reacting an octyltin oxide composition with 
isooctylmercaptoacetate. Two moles of the mercapto 
acetate is reacted per mole of the octyltin oxide. The 
stoichiometry is preferably varied by using a slight ex 
cess of the isooctylmercaptoacetate. They are reacted in 
an inert hydocarbon solvent such as hexane or heptane 
or benzene, by so-distillation of water and solvent. Resid 
ual solvent is stripped at reduced pressures. The liquid 
products is filtered. The octyltin oxide composition which is 
reacted to form the stabilizer composition of the present 
invention contains a maximum of 0.2% of di(2-ethylhex 
yl)tin oxide, a maximum of 5% of the total mono-n-octyl 
stannoic acid and bis(tri-(n-octyl)tin) oxide, a maximum 
of 25 parts per million of the total of arsenic, antimony, 
and lead, and the remainder di(n-octyl)tin oxide. The 
composition does not contain any detectable amount of di 
(isooctyl)tin oxide. The components of the octyltin oxide 
composition may be controlled by analysis, controlling the 
tin content between 31.5% and 33.5%, the chloride con 
tent at a maximum of 0.1%, and the loss on drying at a 
maximum of 1%. 
The octyltin oxide composition is prepared by reacting 

the corresponding chloride composition, i.e., containing 
the corresponding di(n-octyl)tin dichloride, and the anal 
ogous mono and tri compounds, with an excess of aque 
ous, alkali. The resultant oxide is washed on the filter with 
an alcohol and water solvent, and dried. Control of the 
process to obtain the specified amounts of the di(n-octyl) 
tin compound, and also the specified amounts of the other 
components of the composition, is most readily obtained 
at the hydrocarbontin chloride stage of the process. These 
compounds are liquids and the determination of the rela 
tive proportions of the mono, di, and trihydrocarbontin 
components is more readily determined. 
The resins used to produce the packages which are sta 

bilized in accordance with the present invention contain 
at least one homopolymer or copolymer of vinyl chloride 
or vinylidene chloride. The copolymers are those formed 
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by the copolymerization of the vinyl chloride or vinylidene 
chloride with other ethylenically unsaturated monomers. 
These include acrylates such as acrylic acid, ethyl acry 
late, acrylonitrile, etc.; vinyl monomers such as styrene, 
vinyl acetate, etc.; maleates such as maleic acid, maleic 
anhydride, maleate esters, etc.; and olefinic monomers 
such as ethylene and propylene. The term "polyvinyl chlo 
ride containing resin' as used herein refers to resins con 
taining a homopolymer or copolymer in which vinyl chlo 
ride or vinylidene chloride is the major component. 
The preferred vinyl chloride containing resins for use 

in the manufacture of stabilized resin for food packaging 
purposes are polyvinyl chloride, vinyl chloride-vinyl ace 
tate copolymers, vinyl chloride-fumaric acid copolymers, 
vinyl chloride-maleic acid copolymers, vinyl chloride-pro 
pylene copolymers, and vinyl chloride-ethylene copoly 

S. 

The resin composition may also contain such additives 
as fillers, pigments, waxes, lubricating agents, plasticizers, 
other polymers, anti-oxidants, etc. The preferred plas 
ticizers used in amounts of up to about 15% in semi 
rigids and 50 to 60% in film are the non-toxic plasticizers 
such as butylbenzyl phthalate, dicyclohexyl phthalate, di 
hexyl phthalate, and di-2-ethylhexyl adipate. The resins 
used for preparing bottles may contain an impact modify 
ing rubbery polymers, such as acrylonitrile-butadiene-sty 
rene, or an acrylic ester, commonly used in amounts be 
tween about 3% and 20%. The preferred anti-oxidants 
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are the hindered phenols, and particularly 2,6-di-tert-bu- . 
tyl-p-cresol, which are used in very small amounts, e.g., 
3 to 5% of the weight of the stabilizer. 
The resin compositions may be formed by milling, 

blending, or other commonly employed formulation tech 
nique which uniformly disperse all the components of the 
resin composition, and particularly the stabilizer, through 
out the resin. Sheet or film products are commonly pre 
pared on rolls such as 2-roll differential mills. Semi-rigid 
products and rigid products may be formed by various 
casting techniques and also by blow molding. 

EXAMPLES 

The invention is further illustrated in the following ex 
amples. All parts and percentages herein are by weight 
unless otherwise designated. 

Example 1 
A stabilizer composition contained about 96% of di(n- 

octyl)tin S.S.-bis(isooctylmercaptoacetate), and about 
3.5% of a total of mono-n-octyltin S.S.S'-tris(isooctyl 
mercaptoacetate) and tri(n-octyl)tin S-isooctylmercapto 
acetate with the mono compound being more than 50% 
of said total. The composition also contained about 0.15% 
of di(2-ethylhexyl)tin S.S'-bis(isooctylmercaptoacetate). 
This stabilizer composition was prepared by reacting iso 
octylmercaptoacetate and a di(n-octyl)tin oxide. The 
octyltin oxide and the reaction process is that described 
hereinbefore under the heading “Description of the Pre 
ferred Embodiments of the Invention.” The stabilizer com 
position contained about 15.9% of tin and between 8.1 
and 8.9% of sulphur. It was a liquid weighing about 8.9 
pounds per gallon with a specific gravity of about 1.07. It 
had a pour point of less than 20° C. It was slightly yellow 
having a Gardner number of about 3. The stabilizer com 
position of this example was used to stabilize the resin 
compositions of the subsequent examples. 

Example 2 
One hundred parts of a polyvinyl chloride homopoly 

mer having a molecular weight of between about 40,000 
and 50,000 (sold under the trademark "Geon 103 EP') 
were uniformly admixed with the stabilizer composition 
of Example 1. A number of samples were prepared with 
two parts of the stabilizer composition, and other samples 
prepared with three parts of the stabilizer composition. 
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4 
The mixture was mixed on a 2-roll differential mill heated 
to about 325 F. A continuous band of the composition 
which forms around one of the rolls was cut and the com 
position removed from the hot roll as a continuous sheet. 
A sheet of each of the samples was cut into small squares 
which were tested for heat stability by being placed in an 
air oven regulated to maintain a temperature of about 
375 F. The samples are heated and samples taken from 
the oven over specified time sequence, e.g., at 5 minute 
intervals, at 15 minute intervals, etc. These oven tests de 
termined that all of the samples had excellent heat stability. 

Example 3 
The procedure of Example 2 was followed except that 

100 parts of a polyvinyl chloride homopolymer having a 
molecular weight of between about 80,000 and 100,000 
was used, together with 0.5 part of a lubricant calcium 
stearate, and 15 parts of a butylbenzyl phthalate. Differ 
ent samples were admixed with either two or three parts 
of the stabilizer composition. Semi-rigid sheets were 
formed on the rolls and then tested in the oven. All of 
the sheets exhibited excellent heat stability. 

Example 4 
The procedure of Example 3 was followed and the 

same materials used except that 50 parts of the phthalate 
plasticizer was used, and the product was a thin flexible 
film. Oven tests determined that the film also had excel 
lent heat stability. 

Example 5 
Clear transparent bottles were prepared by extruding 

a blended resin composition at a temperature of approxi 
mately 420 F. to form a parison (a hollow tube) which 
was fixed in a mold. A needle is inserted into the parison 
and air blown through the needle forming the bottle. 

Bottles were formed from resin compositions contain 
ing 100 parts of a polyvinyl chloride homopolymer, 0.5 
parts of calcium stearate, and 2 parts of the stabilizer 
composition. Other bottles were formed in the same 
fashion except that they contained three parts of the 
stabilizer composition. 

Another set of bottles were formed from compositions 
which differed from the foregoing only that they also 
contained 15 parts of an acrylonitrile-butadiene-styrene 
impact modifier. 
A third set of bottles were prepared utilizing 100 parts 

of vinyl chloride propylene copolymer containing between 
about 4 or 5% of propylene, one part of a lubricant gly 
cerol. mono-stearate, and two parts of the stabilizer com 
position. 

All the bottles were clear and transparent. Samples cut 
from the bottles and subjected to the oven test exhibited 
excellent heat stability. Those bottles prepared from the 
copolymer and the composition containing the impact 
modifier, had the toughness requisite for commercial use. 
Although the compositions exemplified were stabilized 

with either two parts or three parts of the stabilizer com 
position per hundred parts of polymer, stabilized resins 
are obtained using lesser amounts of the stabilizer, e.g., 
1%. As a general rule, greater stability is obtained with 
increasing amounts of stabilizer within the range speci 
fied. The preferred range of between two and three parts 
of stabilizer encompasses the more severe commercial 
processing systems and service characteristics. Smaller 
amounts of stabilizer may be used to meet less exacting 
requirements. 

Similar excellent stabilized polyvinyl chloride contain 
ing resins are obtained using the specified stabilizer com 
positions with resins other than those exemplified, such 
as vinylidene chloride, vinyl chloride-vinyl acetate co 
polymers, vinyl chloride-fumaric acid copolymers, vinyl 
chloride-maleic acid copolymers, and vinyl chloride 
ethylene copolymers. 
The safety of the food packaging prepared from the 

stabilized polyvinyl chloride of the present invention was 
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established by elaborate physical and pharmacological 
studies. The amount of the organotin stabilizer that is ex 
tracted or leeched from the packaging by various foods 
(both liquid and solid) was determined. The quantity of 
the organotin stabilizer that produced toxic effects on 
animals was independently determined. Extensive toxicity 
studies followed to determine whether the quantity of 
the organotin stabilizer that could be extracted would 
have any toxic effect upon animals. Animal studies were 
determined to be suitable for this study and correlated 
to effects on humans by past experience of those skilled 
in this field. 

Polyvinyl chloride compositions were prepared as ex 
emplified hereinbefore by compounding one hundred 
parts of a polyvinyl chloride homopolymer having a 
molecular weight of about 40,000-50,000 (sold under the 
trademark "Geon 103 EP'), with the stabilizer composi 
tion exemplified herein, and 0.5 part of calcium stearate. 
Samples were prepared with two parts of the stabilizer 
composition, and other samples with three parts. Other 
polyvinyl chloride resins in the form of bottles were 
formed from resin compositions containing the afor 
elisted components in the amounts noted, and which also 
contained fifteen parts of an acrylonitrile-butadiene 
styrene impact modifier. Sheets and bottles formed from 
these resin compositions were immersed in various foods 
including French dressing, vegetable oil, vinegar, etc., to 
determine the amount of the organotin extracted. Hexane 
was also used as an extractant. Numerous tests established 
that almost the entire amount of the organotin stabilizer 
extracted, was extracted during the early period of ex 
traction. Thus, tests run after one or two hours estab 
lished a specified extraction level. If the extracting 
medium was then removed and the test article again im 
mersed in another sample of the extracting medium, it 
was determined that there was little if any further extrac 
tion of the organotin stabilizer. Tests extended from 
periods of less than an hour to more than a week. The 
results of these tests may be summarized by stating that 
all values of tin determined in the extraction medium 
were below 0.5 part of tin per one million parts of the 
extracting medium. 

Tests run to determine the amount of the organotin sta 
bilizer toxic to animals, resulted in an LD50 oral of 1.00 
(0.71-14) gm./kg. This value indicates a material having 
toxicity of a low order, i.e., a relatively harmless ma 
terial. 
The tests that determined the LD50 value also indicated 

that about 225 parts of the organotin stabilizer per mil 
lion parts of the animal feed (hereinafter referred to as 
pp.m.) had some toxic effect on the animals. These tests 
also determined that di(2-ethylhexyl) Sn S.S'-bis(isooctyl 
mercaptoacetate) was approximately thirty times as toxic 
as di(n-octyl) Sn S,S'-bis(isooctylmercaptoacetate). 
Two-year animal studies were then started utilizing an 

initial rat group of 500 rats, and a dog group of 102 dogs. 
The stabilizer composition exemplified herein was ad 
mixed in the animals' feed in amounts of 20 p.p.m., 50 
p.p.m., and 150 p.p.m. One group of the animals were 
fed the feed containing 20 p.p.m. of the stabilizer com 
position, a second group were fed the feed containing 50 
p.p.m. of the stabilizer composition, and a third group 
were fed the feed containing 150 p.p.m. of the stabilizer 
composition. A small group of animals were sacrified at 
the end of three months, a second small group at the end 
of six months, and the remaining animals at the end 
of two years. The animals were observed during the en 
tire period. The animals fed the organotin stabilizer com 
position are referred to hereinafter as the "test group.' 
A control group of animals were fed the same feed ex 
cept that it contained none of the organotin stabilizer 
composition. The study was essentially a statistical study 
comparing and correlating the condition of the animals 
fed the organotin stabilizer composition, with the control 
group. 
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The weight of the animals was recorded regularly and 

gains and losses noted. It was determined that the test 
group did not differ statistically from the control group. 
The mortality rate of the test group was determined 

not to differ from that of the control group. There were 
no observed difference in the illnesses acquired by the test 
group and the control group. Animals which were 
accidentally injured did not exhibit any significant differ 
ence in healing rate. 
The behavior of the animals was regularly and system 

atically studied. There were no observed group differ 
ences. There was no unusual aggressiveness, lethargy, or 
food preferences. 
The sacrificed animals were studied in detail. No sig 

nificant differences were determined in the blood chem 
istry or hematology of the two groups. Similarly no oxy 
gen/body weight ratio differences were determined. 
At autopsy, no gross pathology differences were noted 

between the test animals and the control group. A speci 
fied group of fourteen organs were examined from each 
animal. Each of the organis was visually examined and 
a tissue slide prepared and microscopically examined. 
These examinations indicated no significant differences be 
tween the test group and the control group. 
A sample was taken from each of the organs and 

analyzed to determine the organotin and total tin content. 
The analytical determinations indicated that although 
both the rat and dog tissue appeared to have absorbed the 
organotin stabilizer, the tin is not stored as such. The tin 
appears to have been subjected to rapid dealkylation, 
forming inorganic tin. The inorganic tin levels were cor 
related to the tin content found in human organs and 
determined to be at levels consistent with or below those 
found in humans. Humans are known to ingest consider 
able amounts of tin during their lifetime from various 
Sources, the largest source presumably being "tin' cans. 

In summary, the results establish that the organotin 
stabilizer composition of the present invention may be 
ingested by animals in amounts in excess of 100 times the 
quality that appears to be extracted from the food packag 
ing, without causing adverse effects to the animals over a 
period of two years. This data when correlated with past 
experience leads scientists in this field to conclude that sta 
bilized polyvinyl chloride stabilized with up to three parts 
of the stabilizer composition of the present invention is a 
safe material for food packaging. 
Although this invention has been illustrated by refer 

ence to specific examples, changes therein which clearly 
fall within the scope of the invention will be apparent to 
those skilled in the art. It is, therefore, to be limited solely 
by the scope of the appended claims. 
What is claimed is: 
1. The process of preparing a non-toxic liquid stabilizer 

composition comprising reacting an organotin composi 
tion comprising about 95% to 98% of di-(n-octyl)tin 
oxide and up to 5% of a total of mono-n-octylstannoic 
acid and bis(tri(n-octyl)tin) oxide, with isooctylmercapto 
acetate, the mole ratio of said isooctylmercaptoacetate to 
said organotin oxide composition being about 2:1. 

2. The process of claim 1 wherein an amount slightly 
in excess of two moles of said isooctylmercaptoacetate is 
reacted with each mole of said organotin oxide composi 
tion. 
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